Objective: The determinants that cause impaired quality of life (QOL) in patients in long-term remission of Cushing's syndrome (CS) are unknown. The aim of this study was to get more insight into the patient and disease characteristics related to impaired QOL in these patients. Design: Cross-sectional study. Methods: The QOL of 123 patients in remission of CS (age 52.2G12.0 years, 106 women, duration of remission 13.3G10.4 years, 80% pituitary CS), assessed with seven validated questionnaires, was compared with the QOL of an age-and sex-matched control group (nZ105). To investigate the influence of the aetiology of CS on QOL, patients in remission of pituitary and adrenal CS were compared. Furthermore, the influence of hormonal deficiencies, treatment strategy, duration of remission, gender and age on QOL was investigated. Results: QOL in the total patient group and each patient subgroup was significantly worse on practically all dimensions of questionnaires compared with the control group (P!0.05), except for patients in remission of pituitary CS without hormonal deficiencies who had an impaired QOL on 50% of the QOL dimensions. Subgroup analysis revealed no difference in QOL between different patient groups, especially no difference between patients in remission of adrenal and pituitary CS. Female gender and a shorter duration of remission had a negative influence on QOL in the patient group. Conclusions: QOL remains impaired in patients in long-term remission of CS regardless of aetiology, presence of hormonal deficiencies and treatment strategies. More research is needed to establish the causes.
Introduction
Endogenous Cushing's syndrome (CS) is associated with significant morbidity and mortality (1) . Although the Cushingoid phenotype improves after curative treatment, there is accumulating evidence that not all changes in body composition, cardiovascular risk profile and cognitive function are reversible (2, 3, 4) . Furthermore, a number of studies have reported that quality of life (QOL) remains impaired in patients in long-term remission of CS (5, 6, 7, 8, 9, 10, 11, 12, 13, 14) . However, most of these studies have major limitations (e.g. assessment of QOL was not the main purpose of the study, small numbers of patients, no control group, unvalidated questionnaires, missing data on clinical characteristics and biochemical follow-up). Furthermore, most studies have only investigated QOL in patients in remission of pituitary CS (8, 9, 11, 12, 14) , while studies that did include patients in remission of adrenal CS did not compare QOL between different patient groups (5, 10, 13) . This has made it difficult to establish patient or disease characteristics related to impaired QOL in patients in long-term remission of CS. In this respect, hypopituitarism, glucocorticoid deficiency or a persisting effect of the previous period of hypercortisolism have been suggested as possible determinants.
The aim of this study was to investigate QOL in a large group of patients in long-term remission of CS using seven validated questionnaires concerning different dimensions of QOL and to compare the QOL of the patients to a sexand age-matched healthy control group. Furthermore, to investigate the influence of the aetiology of CS on QOL, we compared the QOL of patients in remission of pituitary CS with that of patients in remission of adrenal CS. We also investigated the influence of treatment strategy and coexisting hormonal deficiencies on QOL in patients in remission of pituitary CS.
Materials and methods
Protocol After approval of the study by the Medical Research Ethics Committee region Arnhem-Nijmegen, all patients treated for CS from 1967 until 2007 in our hospital were identified. Medical records of all patients were retrospectively reviewed to assess data on demographics, diagnosis of CS, the aetiology of CS, the type and number of treatments that patients received and follow-up data on remission, relapses, hormonal deficiencies and mortality. Patients that were assumed to be in remission for at least 2 years, according to the medical records, were eligible for inclusion. Patients with ectopic CS, active malignancy or systemic treatment for malignancy in the past were excluded. Furthermore, all patients that were unable to answer the questionnaires (because they could not comprehend the questionnaires or the Dutch language) were excluded. All other eligible patients were asked to participate in this study. They were sent two sets of questionnaires by mail. Nonresponders received a reminder letter after 4 weeks. If they still did not respond, we attempted to contact them by telephone.
To obtain a sex-and age-matched control group, patients were asked to find their own control subject with the same age and gender among their family or friends. Written informed consent was obtained from all patients and controls before their questionnaires were enrolled in the study.
All patients underwent a 1 mg dexamethasone suppression test after they completed the questionnaires to confirm that they were still in remission. In patients who had been treated with radiation therapy of the pituitary gland, a 24-h urinary free cortisol was measured.
The results of the questionnaires of the patient group were compared with the results of the control group. Furthermore, we compared the results of different patient subgroups. To investigate whether the aetiology of CS influences QOL, we compared patients in remission of adrenal CS with patients in remission of pituitary CS. To investigate whether the presence of hormonal deficiencies influences QOL, we compared patients in remission of pituitary CS with hormonal deficiencies with patients in remission of pituitary CS without hormonal deficiencies. We hypothesized that the hormonal deficiency that would impact QOL the most would be glucocorticoid deficiency. Therefore, we compared patients in remission of pituitary CS with hormonal deficiencies including glucocorticoid deficiency with those with hormonal deficiencies without glucocorticoid deficiency. To investigate whether treatment strategy influences QOL, we compared patients in remission of pituitary CS treated with bilateral adrenalectomy (ADX) with those treated without bilateral ADX. Furthermore, the results of each patient subgroup were compared with the results of the control group.
Study population
Two hundred and thirty-six patients met the inclusion criteria. However, 38 patients were known to be deceased and nine patients were lost to follow-up. The remaining 189 patients were invited to participate in this study. One hundred and forty-nine patients (79%) responded, of whom 127 (85% of the patients that responded, 67% of the patients that were invited) were willing to participate. Four patients had recurrent CS and had to be excluded, leaving 123 patients (age 52.2G12.0 years, 106 women) that were included. The duration of remission at the time of answering the questionnaires was 13.3G10.4 (range 2-39) years.
There was no significant difference in response rate and willingness to participate between patients that were in remission of pituitary CS or adrenal CS (114 of 146 patients (78%) in remission of pituitary CS responded, of whom 99 (68%) were willing to participate, compared with 31 of 43 patients (72%) in remission of adrenal CS, of whom 24 (56%) were willing to participate).
One hundred and five controls (age 51.3G12.8 years, 71 women) completed the questionnaires. Sex and age did not differ significantly between the patient and control groups ( Table 1) .
Definitions
Remission was defined as suppression of plasma cortisol to %50 nmol/l after overnight 1 mg dexamethasone and absence of clinical signs and symptoms of active hypercortisolism (15) or, if a patient had received pituitary radiotherapy, a 24-h urinary free cortisol value of !240 nmol/24 h for men or !150 nmol/24 h for women (reference range at our institution) and absence of clinical signs and symptoms of active hypercortisolism.
Hormonal deficiency was defined as deficiency of one or more hormones. Hypothyroidism was defined as the use of thyroid hormone as substitution therapy. Hypogonadism was defined as use of testosterone substitution in men and use of oestrogen in women (no difference was made between suppletion or contraceptive therapy). GH deficiency was defined as a maximal GH response !15.3 mU/l during an insulin tolerance test (ITT) or as a maximal GH response of !12.3 mU/l during an arginine/GHRH test (16) . Glucocorticoid deficiency was defined as the use of glucocorticoids. In virtually all cases, glucocorticoid deficiency was confirmed by a plasma morning cortisol !100 nmol/l or a maximal cortisol response !550 nmol/l during an ITT (17) . Hypopituitarism was defined as deficiency of one or more of the hormones that are secreted by the pituitary gland. 
QOL questionnaires
The following set of QOL questionnaires was used in this study:
RAND-36
The Dutch translation of the RAND-36 was used, which is very similar to the Short Form-36 questionnaire (18) . It comprises 36 items regarding general well-being during the past 30 days. The items are formulated as statements or questions to assess nine health concepts: i) physical functioning, ii) social functioning, iii) role limitations because of physical health problems, iv) role limitations because of emotional problems, v) mental health, vi) vitality, vii) bodily pain, viii) general health perceptions and ix) health change in the last year. Scores are calculated for each health aspect on a 0-100 scale, in which higher scores represent a better QOL (19) .
Hospital Anxiety and Depression Scale The Hospital
Anxiety and Depression Scale (HADS) consists of 14 items concerning anxiety and depression, measured on a four-point scale (20, 21) . Scores range from 0 to 21 for the anxiety and depression subscales and from 0 to 42 for the total score. Higher scores indicate more anxiety or more depressive symptoms.
Checklist Individual Strength Questionnaire The Checklist Individual Strength Questionnaire (CIS) is designed to measure several aspects of fatigue (22) . It consists of four dimensions: i) the subjective experience of fatigue, ii) reduction in motivation, iii) reduction in activity and iv) reduction in concentration. The questionnaire consists of 20 statements, scored on a seven-point Likert scale. The statements refer to aspects of fatigue experienced during the last 2 weeks. Scores range from 20 to 140 points. Higher scores indicate a higher degree of fatigue.
Cognitive Failures Questionnaire The Cognitive
Failures Questionnaire (CFQ) detects everyday mistakes and problems regarding perception, memory, motor function and orientation (23) . The first part of the questionnaire consists of 25 items and the second part indicates the influence of these items on daily life. Scores range from 0 to 100, in which a higher score indicates more severe problems.
Appearance Self-Esteem The Appearance Self-Esteem (ASE) is a section of the Self-report State Self-Esteem Scale and comprises satisfaction with one's appearance (24) . Separate use of the ASE has been reported before (25) . The questionnaire consists of six statements, scored on a five-point Likert scale. Scores range from 6 to 30. A higher score indicates more self-esteem concerning a person's own appearance.
Cushing's QOL (CushingQOL) This unidimensional questionnaire, with a time frame referring to the preceding 4 weeks, covers several Cushing-related problems. It has been designed to analyse QOL in patients with active CS (26) . We used the questionnaire to analyse whether patients in long-term remission of CS still have more CS-related symptoms than healthy controls. The answers are scored on a five-point Likert scale. The total score is converted to a 0-100 scale in which 0 indicates the worst and 100 the best possible QOL.
Nottingham Health Profile The Nottingham Health Profile (NHP) contains 38 yes/no items that focus on general well-being and current health perception (27, 28) . The items are subdivided into six subscales that assess different health aspects: i) energy, ii) pain, iii) emotional reaction, iv) sleep, v) physical ability and vi) social isolation. Subscale scores are calculated as a weighted mean of the associated items and are expressed as a value between 0 and 100. A higher score is associated with a worse QOL.
Employment status and self-reported co-morbidity All participants received a questionnaire regarding their employment status. The most important aspects of this questionnaire were current employment, number of working hours per week, current sick leave and inability to work. Furthermore, participants received a checklist mentioning 16 common diseases (e.g. diabetes mellitus, cardiovascular disease, hypertension and psychiatric problems). They were asked whether they currently had any of these problems. They could also describe other health problems they experienced at the moment.
Statistical analysis
Data were analysed using SPSS for Windows version 16.0 (SPSS, Inc., Chicago, IL, USA). Data were expressed as meanGS.D., unless otherwise mentioned. To compare biometric and socio-economic characteristics of patients and controls, we used unpaired t-tests and c 2 tests. To compare the results of the questionnaires of patients and controls, and those of the different patient subgroups, we chose to use the Kruskal-Wallis equality-of-populations rank test because the data of several questionnaires were not normally distributed. Furthermore, using multiple regression analysis, the influence of duration of remission (between 2 and 5 years, 5 and 10 years and more than 10 years), age and sex on the results of the questionnaires was investigated. Statistical significance was defined as P!0.05.
Results

Patient characteristics
Eighty percent of the patients (nZ99) were in remission of pituitary CS. Transsphenoidal surgery was the primary therapy for 85% (nZ84) of these patients (Fig. 1 ). Twelve percent (nZ12) underwent a bilateral ADX and 3% (nZ3) underwent radiotherapy of the pituitary gland as primary treatment. Forty patients received one or more additional treatments because of persistent or recurrent hypercortisolism (nZ28) and/or because they developed Nelson's syndrome after bilateral ADX (nZ12). Twenty percent of all patients (nZ24) were in remission of adrenal CS and were previously treated by unilateral ADX. Partial or total hypopituitarism was present in 51% of all patients (nZ63) and all these patients had been treated for pituitary CS. Hormonal deficiencies due to any cause, including primary adrenal insufficiency after bilateral ADX and primary hypothyroidism, were present in 65% of all patients (nZ81) of whom four had been treated for adrenal CS.
In contrast to all other hormonal deficiencies, presence of GH deficiency had only been investigated in 74% (nZ73) of the patients that were in remission of pituitary CS (ITT or GHRH-arginine test). GH deficiency was present in 58% (nZ42) of these patients. However, 21 of these 42 patients were not receiving treatment with GH at the time of the study despite the proven GH deficiency for various reasons (the initiation of treatment was pending at the time of the study, the treatment was discontinued or refused by the patients, there was a (relative) contraindication for GH substitution therapy or the deficiency was not severe enough for treatment to be covered by the health insurance companies). Four of these patients did not have other hormonal deficiencies. Furthermore, 11 of the 26 patients in whom GH deficiency had not been investigated did not have other hormonal deficiencies. For our analyses, we classified these patients as patients without hormonal deficiencies.
At the time they participated in the study, 63% of all patients (nZ77) received replacement therapy with at least one hormone (replacement of cortisol in 55 patients (45%), thyroid hormone in 49 patients (40%, of whom nine patients had primary hypothyroidism), GH in 21 patients (17%), testosterone in 11 of the 17 males (68% of all males), oestrogen in five females (5% of all females), desmopressin in six patients Figure 1 Overview of the treatments that the 123 patients in remission of Cushing's syndrome who participated in the quality of life study received.
(6%) and fludrocortisone in the 33 patients that had been treated by bilateral ADX). Substitution therapy was individually titrated to achieve at least the lower limit of our institutional reference values if a hormonal deficiency was present (except for GH therapy in the 21 patients with GH deficiency described earlier).
Comparison of QOL between the total patient group and the healthy control group
Each questionnaire showed that QOL in the total patient group was significantly reduced compared with the healthy control group (Fig. 2) . The only items that were not significantly different between the patient and control groups were 'health change' and 'emotional role limitation' of the RAND-36. Furthermore, compared with the control subjects, significantly fewer patients had a relationship, their education level was lower, they had less paid work and more patients were unable to work (Table 1) . Compared with the control subjects, significantly more patients reported co-morbidity and the average number of co-morbidities was significantly higher (Table 1 ). However, the prevalence of different diseases (e.g. hypertension, cardiovascular disease and diabetes) in the patient and control groups did not significantly differ, nor did smoking habits.
Comparison of QOL between different patient subgroups:
Adrenal CS (nZ24) vs pituitary CS (nZ99) QOL did not significantly differ between these groups on any item of any questionnaire (Fig. 2 ). Both patients with adrenal CS and pituitary CS scored significantly worse on all items compared with the control group with the exception of the items 'health change' and 'emotional role limitation' of the RAND-36.
Pituitary CS with hormonal deficiencies (nZ77) vs pituitary CS without hormonal deficiencies (nZ22) Patients treated for pituitary CS without permanent hormonal deficiencies scored significantly better than patients with hormonal deficiencies on the items fatigue and motivation of the CIS questionnaire, the CushingQOL questionnaire and the item energy of the NHP questionnaire. Furthermore, although the patients in remission of pituitary CS without hormonal deficiencies do have a significantly impaired QOL compared with the control group on w50% of the items of QOL questionnaires (physical functioning; role limitations because of physical health problems, vitality and general health perceptions of the RAND-36; depression of the HADS; experience of fatigue and concentration of the CIS; the CushingQOL questionnaire and emotional reaction and physical ability of the NHP), differences were not significant on the other items. Pituitary CS treated with bilateral ADX (nZ33) vs no bilateral ADX (nZ66) and pituitary CS with hormonal deficiencies with glucocorticoid substitution (nZ58) vs without glucocorticoid substitution (nZ19) QOL did not differ between these groups on all items of all questionnaires.
Influence of duration of remission, age and gender on QOL: Multiple regression analysis showed that in the patient group, duration of remission (analysed as remission for 2-5 years, 5-10 years or 10 years and longer) significantly affected QOL, with a lower QOL if duration of remission was shorter, on the dimension 'depression' of the HADS, the dimension 'concentration' of the CIS, on the CFQ and on the CushingQOL questionnaire. Furthermore, as could be expected, duration of remission significantly affected the dimension 'health change' of the RAND-36, with more improvement in health in the past year, if duration of remission was shorter. Older age negatively influenced QOL only on the dimension 'depression' of the HADS questionnaire. Female gender negatively influenced QOL on the dimensions 'physical functioning', 'mental health', 'vitality', 'pain' and 'general health perception' of the RAND-36; the dimension 'fatigue' of the CIS questionnaire; the CFQ, ASE and Cushing QOL questionnaire; and the dimension 'energy', 'pain', 'sleep' and 'social isolation' of the NHP.
In the control group, older age had a much stronger negative influence on the reported QOL significantly affecting QOL on most items. On the other hand, female gender only significantly affected QOL in the Cush-ingQOL questionnaire and the dimension 'mental health' of the RAND-36.
Discussion
In this study, we evaluated QOL in 123 patients in longterm remission of CS, to get more insight into the determinants related to impaired QOL. The results of this study show that, compared with a gender-and agematched control group, QOL remains impaired in all subgroups of patients in long-term remission of CS regardless of the aetiology of CS, presence of hormonal deficiencies and the treatment received. Importantly, QOL was impaired to the same extent in patients treated for adrenal CS and in patients treated for pituitary CS. Furthermore, duration of remission only affected QOL on a number of dimensions, with a better QOL if duration of remission was longer. Women in remission of CS scored worse than men on w60% of items of QOL questionnaires, while gender was of no significant influence on QOL in the control group. Age, however, did not have a strong influence on QOL in the patient group while it did have a strong influence in the control group.
Although a few previous studies on QOL in patients in remission of CS have included patients that were in remission of adrenal CS, up till now there were no studies that had specifically made a comparison between QOL in patients in long-term remission of pituitary CS and in long-term remission of adrenal CS (5, 7, 10, 13, 26) . Lindholm et al. (7) made a short comment that QOL seemed quite satisfactory in the patients treated for an adrenal adenoma. However, QOL was not the main outcome of their study and data about the clinical characteristics of their patients are sparse. Furthermore, they defined relative health impairment as a score below the 25th percentile of the Danish norm. No direct comparison was made with an age-and sexmatched control group. Webb et al. (26) compared 18 patients with adrenal and 107 patients with pituitary CS and did not find a difference in QOL between the two groups, assessed by two questionnaires (SF-36 and CushingQOL). However, a substantial part of their patients (31%) were hypercortisolemic at the moment of investigation or had only recently been treated. Interestingly, we found that after long-term remission, QOL is at least as impaired in patients in remission of adrenal CS as in patients in remission of pituitary CS. To our knowledge, this is the first study to show this, which is surprising as we hypothesized that patients in remission of adrenal CS would have a better QOL than patients in remission of pituitary CS because they are expected not to have any hormonal deficiencies and normal endocrine physiology is restored.
The presence of hormonal deficiencies in patients treated for CS has previously been associated with impaired QOL. van Aken et al. (9) previously found that hypopituitarism was the main independent predictor of impaired QOL in patients in remission of pituitary CS. We confirmed this finding in our study and found that not only hypopituitarism but also hormonal deficiencies caused by bilateral ADX were associated with worse QOL. Our patients in remission of pituitary CS without hormonal deficiencies did have a significantly better QOL than patients with hormonal deficiencies on a number of QOL items, and they were the only patient group that did not have significantly worse QOL than the control group on w50% of QOL dimensions, but QOL remained impaired in the other 50% of dimensions.
Current glucocorticoid replacement regimens are not physiological and there is a risk of overreplacement. QOL has found to be impaired in patients receiving glucocorticoid substitution (29) . Therefore, we hypothesized that glucocorticoid substitution might be an important cause of impaired QOL in patients with hormonal deficiencies. To investigate this hypothesis, we first compared the QOL of patients receiving glucocorticoid substitution with the QOL of patients with hormonal deficiencies but without glucocorticoid substitution and secondly the QOL of patients that had been treated with bilateral ADX to the QOL of patients with hormonal deficiencies that had not been treated with bilateral ADX. Because there was no difference in QOL between these patient groups, it is unlikely that the impaired QOL in patients in long-term remission of CS with hormonal deficiencies is strongly influenced by the glucocorticoid replacement regime.
Because QOL is impaired in all patient groups in longterm remission of CS, the cause of impaired QOL could be the previous period of long-standing exposure to high cortisol levels. There is accumulating evidence that long-standing hypercortisolism has irreversible effects on cardiovascular risk and that patients in remission of CS have persistent centripetal obesity that may lead to a state of low-grade inflammation (2, 3, 30, 31) . Furthermore, CS is associated with morphological changes of the brain (including brain atrophy, reduction in total and cortical grey matter and reduced hippocampal volume), which at least partially persist after long-term remission (32, 33) . This may explain the chronic cognitive impairments described in patients in long-term remission of CS (4, 34) , which may negatively influence QOL. Other explanations for the impaired QOL could be the previous experience of suffering a severe illness, ineffective coping strategies or illness perceptions (35, 36) . Future research will have to determine the exact causes of impaired QOL in patients in long-term remission of CS.
Multiple linear regression analysis showed that in our patient group, female gender negatively influenced QOL. This effect was not present in the control group. Although previous studies have also described that female gender negatively influences QOL in patients in remission of CS, it is still unclear what causes this phenomenon (9, 26) . A possible explanation of the negative influence of female gender on QOL could be differences in the long-term effects of the previous period of hypercortisolism in men and women. This could be caused by a different clinical presentation, which has previously been described in pituitary CS (37) . Another explanation could be differences in coping strategies and illness perceptions between men and women. Although gender differences in coping strategies and illness perceptions have been reported in numerous other diseases (38, 39) , this has not yet been investigated in patients with CS.
Although shorter duration of remission did have a negative impact on QOL on a number of dimensions, QOL was not affected by duration of remission on most dimensions of QOL, suggesting that the majority of effects of CS on QOL have reached a stable situation after 2 years of remission. van Aken et al. (9) even found that duration of remission did not affect QOL at all. However, in contrast to van Aken, who analysed duration of remission as a continuum, we analysed duration of remission in different categories (from 2 to 5 years, 5 to 10 years and O10 years) because we hypothesized that the largest effect of remission on QOL would take place in the first decade after treatment. Interestingly, in our study, the (dimensions of the) QOL questionnaires that were affected by duration of remission with a lower QOL, if duration of remission was shorter, were the dimensions 'depression' of the HADS, 'concentration' of the CIS, the CFQ and on the CushingQOL questionnaire. The combination of these QOL dimensions suggests problems in coping with the recent experience of CS, which improves as time goes by. Another possible explanation could be that the effect of hypercortisolism on the brain, causing psychological problems and cognitive impairments, takes longer to reach a stable situation after remission than other effects of hypercortisolism.
Strengths of this study are the relatively large number of patients included and the long average duration of remission (13.3G10.4 years). A limitation of this study is the fact that GH deficiency was not ruled out in 26 patients in remission of pituitary CS. Because 11 of these patients had no other hormonal deficiencies and normal IGF1 values, we analysed these patients as having no hormonal deficiencies. If some of these patients do have GH deficiency, this may have negatively influenced QOL in the patient group without hormonal deficiencies. Furthermore, 21 patients with proven GH deficiency were not receiving treatment for a number of different reasons. This could have negatively influenced the QOL of the total patient group and the patient group with hormonal deficiencies. However, in patients with adult-onset GH deficiency, GH therapy has only been found to have a positive effect on QOL if disease-specific questionnaires are used. In studies that use generic QOL questionnaires, as we used in this study, the positive effect of GH therapy on QOL in GH-deficient patients is much more controversial and most studies that did find a positive effect of QOL only found this in a few dimensions of the generic QOL questionnaires (40) . Therefore, the presence of untreated GH deficiency can certainly not account for the obvious impairment of QOL of the total patient group. Another possible limitation of this study is that not all patients found a control subject and not all control subjects were gender matched. However, we controlled for gender in our analysis using a multiple regression analysis. Furthermore, not all control subjects were healthy, reporting co-morbidity in 57% (Table 1 ). However, if this influenced QOL in the control group, it would have been a negative influence on QOL, reducing the difference in QOL between the patient and control groups.
In conclusion, QOL remains impaired in patients in long-term remission of CS regardless of aetiology, presence of hormonal deficiencies and treatment strategies. The cause of impaired QOL remains unclear and is probably multifactorial. More research is needed to establish the causes of impaired QOL, and hopefully, this will provide targets for interventions that can improve QOL in patients in long-term remission of CS in the future.
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